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REMARKS 

Claims 1-83 are pending. Claims 65-83 have been withdrawn from consideration. 
By this Amendment, claims 17, 30, 48, and 56 have been amended along the lines 
suggested in the Office Action. 

Claim objections 

Claim 17 was objected to for lack of subject/verb agreement because the second 
instance of "is" should be "are." 

Claim 17 has been amended so that the second instance of "is" is now "are." 

Claims 30 and 56 were objected to because the recited tetrapeptides were not 
identified by SEQ ID NO. 

Claims 30 and 56 have been amended to add SEQ ID NOs. 

Claim 48 was objected to because the second instance of "polymer" should be 

plural. 

Claim 48 has been amended so that the second instance of "polymer" is now 

plural. 
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The rejection under 35 U.S.C. § 102(b) 

The rejection of claims 1-7, 9-15, 17, 20, 22-25, 27, 30-39, 41-44, 48-51, 53-58, 
60, and 61 as being anticipated by WO 98/19710 (Schacht) was maintained. 

The present claims all recite "a biocompatible hydrophilic backbone polymer." 
[emphasis added] In other words, all the claims require that the hydrophilic polymer 
function as the backbone. This is enough to distinguish the claims from Schacht, since in 
Schacht the polycationic polymer serves as the backbone and the hydrophilic polymers 
are appended to this backbone. This can be clearly seen in Figure 3 of Schacht, where 
multiple pendant hydrophilic polymers (pHPMA) are depicted appended to a backbone 
polycationic polymer (pNH2). 

Although the Applicant pointed out this difference between the present claims and 
Schacht in the previous Amendment, the present Office Action argues that the meaning 
of "backbone" is broad enough to encompass the hydrophilic polymers of Schacht, even 
though the hydrophilic polymers of Schacht are multiple pendant chains attached to a 
single anchoring chain of polycationic polymer. According to the Office Action, as used 
in the present application, "backbone" is simply an arbitrary term. See the Office Action, 
page 5: 

Applicant's arguments are unpersuasive because they are based on an 
arbitrary designation of what constitutes a "backbone." Applicant has 
presented no evidence or reason why the hydrophilic polymer of Schacht 
cannot be considered a backbone which cross links polycationic polymers. 
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The Applicant respectfully traverses this interpretation of "backbone" as 
unreasonable. It is unreasonable for two main reasons: (1) it is inconsistent with 
guidance provided in the specification as to the meaning of the term "backbone," and (2) 
it is contrary to the plain meaning of the term "backbone," as understood by those skilled 
in the art. 

It is well settled that during prosecution claim terms are to be given their broadest 
reasonable interpretation, but only to the extent that such an interpretation is consistent 
with the specification . The Federal Circuit has stated that claims must be interpreted in a 
manner that is consistent with the guidance provided by the teachings of the specification. 
See In re Morris . 44 USPQ2d 1023, 1027 (Fed. Cir. 1997): 

Since it would be unreasonable for the PTO to ignore any interpretive 
guidance afforded bv the applicant's written description , ... the PTO 
applies to the verbiage of the proposed claims the broadest reasonable 
meaning of the words in their ordinary usage as they would be understood 
by one of ordinary skill in the art, taking into account whatever 
enlightenment bv wav of definitions or otherwise that mav be afforded by 
the written description contained in the applicant's specification , 
[emphasis added] 

See also Ex parte Maizel . 27 USPQ2d 1662, 1664 (Bd. Pat. App. & Int. 1993): 
"[DJuring prosecution the claims are given their broadest reasonable interpretation in 
light of the specification." 

The specification clearly uses the term "backbone" so as to refer to hydrophilic 
polymers that function as single, anchoring molecules to which polycationic polymers are 
appended. See, e.g., page 17, line 8, to page 18, line 2: 
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Referring to Figure 1 A, the general synthesis of a carrier copolymer of the 
present invention is illustrated. Polyethylene glycol (PEG) of mean 
molecular weight is obtained. The PEG has a number "m" of pendant 
propionic acid groups (PA) randomly grafted onto its backbone. PEG- 
mPA and anhydrous dichloromethane are combined with the protection of 
argon. Then p-nitrophenol and 4-dimethylaminopyridine (DMAP) are 
added to the solution. Then l-[3-dimethylaminopropyl]-3- 
ethylcarbodiimide hydrochloride (EDC) is added to form a clear solution. 
Then acetic acid is added to the clear mixture. The clear reaction mixture 
is then mixed with a solution of polyethylenimine (PEI) in anhydrous 
dimethylformamide (DMF) under the protection of argon. The mixture 
may be concentrated on a rotary evaporator to remove most of the DMF 
solvent. The resulting product can be purified and concentrated to 
produce a wax product. The crude wax product can be further purified on 
a gel filtration column to yield purified PEG-mPA-PEL 

Referring to Figure IB, the general synthesis of another carrier polymer of 
the present invention is illustrated. This carrier polymer is formed from a 
PEG backbone conjugated to PEI via a biodegradable polj^eptide linker, 
GFLG. PEG-mPA is obtained as a starting material. The PEG-mPA is 
then converted to PEG-mPA-ONp. PEG-mPA-ONp is synthesized by 
dissolving PEG-mPA in anhydrous dichloromethane. Then p-nitrophenol 
and 4-dimethylaminopyridine (DMAP) are added. Then 1- 
[dimethylaminopropyl]-3-ethylcarbodiimide hydrochloride (EDC) is 
added. Next acetic acid is added to the solution. Then p-Toluenesulfonic 
acid monohydrate is added to neutralize the DMAP catalyst. The reaction 
yields a white product that is PEG-mPA-ONp. 

In the above quoted portion of the specification, the hydrophilic polymer PEG is 
referred to as the "backbone." The accompanying Figure 1 A and IB shows that PEG is 
functioning as an anchoring chain onto which multiple polycationic polymers (PEI) are 
appended. This can be seen in the left side of Figure 1 A, for example, where the use of 
conventional symbols for polymers around the PEG (the brackets with lines through them 
and the subscript "m") indicates that the PEG backbone is a single chain that has multiple 
propionic acid pendant groups. In the right side of Figure lA it can be seen that multiple 
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polycationic polymers (PEI) have been attached to the multiple pendant propionic acid 
groups and have themselves become pendant from the backbone PEG. 

Furthermore, each of Examples 1-10 of the present application describes a 
synthesis in which the hydrophilic polymer contains pendant groups and where the 
cationic polymer is then attached to those pendant groups. In other words, during the 
course of the synthesis, the cationic polymers become pendant groups of the hydrophilic 
polymers, by virtue of being coupled to the pendant linking groups that are attached 
along the backbone hydrohilic poljmier. 

This contrasts with the situation in Schacht (as shown, e.g., in Figure 3 of 
Schacht) where the polycationic polymer functions as a single, anchoring chain that 
contains multiple pendant groups to which the hydrophilic polymer is attached. As the 
term "backbone" is used in the present application, the polycationic polymer of Schacht 
is the "backbone," not the hydrophilic polymer. 

Not only is the interpretation in the Office Action inconsistent with the teachings 
of the application, it is inconsistent with the plain meaning of the term "backbone," as 
understood by those skilled in the art. The International Union of Pure and Applied 
Chemistry (lUPAC) has defined "backbone" as "That linear chain ... to which all other 
chains, long ... or short ... or both, may be regarded as being pendant." See the enclosed 
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Exhibit a' (Jenkins et al., 1986, Pure & Appl. Chem. 68:2287-231 1), at page 2294, 
definition 1.34. This definition is consistent with the use of the term "backbone" as 
applied to the hydrophilic polymer in the present application, since the hydrophilic 
polymer in the present application contains pendant polycationic polymers. But this 
definition is inconsistent with an interpretation of the hydrophilic polymers of Schacht as 
being "backbones," since in Shacht it is the hydrophilic polymers that are pendant. 

In view of the above, it is respectfully requested that this rejection be withdrawn. 

The rejections under 35 U.S.C. § 103(a) 

The rejection of claims 1, 17, 18, 19, 28, 29, 31, 46, 47, 48, 63, and 64 as being 
obvious over Schacht was maintained. 

The Applicant respectfully traverses this rejection. As discussed above, Schacht 
does not teach or suggest that basic structural arrangement recited in the present claims, 
where the hydrophilic polymer rather than the polycationic polymer functions as a 
backbone. In fact, Schacht teaches away from this basic structural arrangement. Schacht 
teaches that it is important to first form a complex of the polycationic polymer and the 
polyanionic macromolecule before adding the hydrophilic polymer. See page 4, lines 27- 
31: 

' The Applicant submits that Exhibit A satisfies the requirements of 37 C.F.R. §1.11 6(e) of a "good and 
sufficient reason why the . . . evidence is necessary and was not earlier presented." Exhibit A is necessary 
because it demonstrates the plain meaning of the term "backbone" as understood by those skilled in the art 
and thus contributes to the correct resolution of the issues of this rejection. Exhibit A was not earlier 
presented because it could not have been foreseen that the present Office Action would overlook the 
implicit definition of "backbone" provided by the present application or the meaning of that term as 
understood by those skilled in the art. 
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Nucleic acid carrier vehicles as referred to above in accordance with the 
invention may be constructed by means of a stepwise process in which the 
cationic pol>Tner is first self-assembled with the nucleic acid material to 
form a complex that provides a core portion of the complete carrier 
vehicle, and the hydrophilic polymer material is then assembled in a 
subsequent step. 

By following the above teaching of Schacht, one would be led away from the 

present invention. The two-step procedure of Schacht initially results in a plurality of 

polycationic polymer molecules associated with the nucleic acid in a cationic polymer 

core, as described at page 4, lines 10-11 ("The cationic polymer core, which is generally 

made up of a plurality of polycation molecules. . ."). Each polycationic polymer molecule 

in the cationic polymer core has multiple reactive sites available for linking to the 

hydrophilic polymer, as described at page 3, lines. 13-20: 

This self-assembly with the nucleic acid involves an association or binding 
between molecules of the polycationic component and theh polyanionic nucleic 
acid component. In the complex so formed, the nucleic acid is condensed in the 
core portion and at leas tsome of the said reactive groups on the molecules of the 
cationic polymer component are presented at the surface thereof. These reactive 
groups can then be coupled or linked with hydrophilic polymer molecules 

Therefore, in Schacht each polycationic molecule serves as the "backbone" to 

which multiple hydrophilic polymer molecules may be attached in the second step of the 

process for producing the carrier. 



In contrast, Applicant's carriers are produced by linking a hydrophilic polymer 
molecule with multiple reactive sites to two or more polycationic polymer molecules, 
prior to forming any complex with the polyanion. See, e.g., page 17, line 17- by way of 
example: 
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The PEG has a number "m" of pendant propionic acid groups (PA) randomly 
grafted onto its backbone. PEG-mPA and anhydrous dichloromethane are 
combined with the protection of argon. Then p-nitrophenol and 4- 
dimethylaminopyridine (DMAP) are added to the solution. Then l-[3- 
dimethylaminoproply]-3-ethylcarbodiimide hydrochloride (EDC) is added to form 
a clear solution. Then acetic acid is added to the clear mixture. The clear reaction 
mixture is then mixed with a solution of polyethylenimine (PEI) in anhydrous 
dimethylformamide (DMF) under the protection of argon. The mixture may be 
concentrated on a rotary evaporator to remove most of the DMF solvent. The 
resulting product can be purified and concentrated to produce a wax product. The 
crude wax product can be further purified on a gel filtration column to yield 
purified PEG-mPA-PEI. 

After the hydrophilic and polycationic polymers are linked as described above 
and the carrier is formed, it is complexed with the polyanion as illustrated in Example 12, 

pg. 26, Ins. 4-12 ("A solution of the carrier copolymer was created The solution was 

then mixed with about 2.0 \xL of 0.1 mM oligonucleotide solution. . ." 



This process is substantially different from that taught by Schacht and results in a 
carrier in which the hydrophilic polymer serves as the "backbone" instead of the 
polycationic polymer. Schacht provides no motivation to make a carrier with a 
hydrophilic backbone, as opposed to a polycationic polymer backbone, and provides no 
method for successfiiUy making a carrier with a hydrophilic backbone. 



In view of the above, it is respectfiilly requested that this rejection be withdrawn. 



The rejection of claims 1, 7, 8, 17, 25, 26, 31, 45, 48, and 52 as being obvious 
over Schacht in view of U.S. Patent No. 5,777,078 (Bayley) was maintained. 
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As explained above, the present claims are non-obvious over Schacht because 
Schacht neither teaches carriers with a hydrophilic polymer backbone nor provides a 
process capable of making such carriers. Bayley was cited for the proposition that the 
use of lytic agents in carriers was known. This disclosure of Bayley, even if true, cannot 
remedy the deficiencies of Schacht. Therefore, the combination of Schacht and Bayley 
cannot make obvious the present claims. 

In view of the above, it is respectfully requested that this rejection be withdrawn. 

Claims 1,16, 17, 21,31, 38-40, 48, 57, 59, 60, and 62 were rejected as being 
obvious over Schacht in view of U.S. Patent Application Publication No. 2001/0005717 
(Wagner). 

As explained above, the present claims are non-obvious over Schacht because 
Schacht neither teaches carriers with a hydrophilic polymer backbone nor provides a 
process capable of making such carriers. Wagner was cited for the proposition that the 
use of PEI having certain molecular weight ranges in carriers was known. This 
disclosure of Wagner, even if true, cannot remedy the deficiencies of Schacht. Therefore, 
the combination of Schacht and Wagner cannot make obvious the present claims. 

The Applicant wishes to point out that, like Schacht, Wagner differs from the 
present claims in that Wagner is directed to hydrophilic polymers linked to backbones of 
polycationic polymers while the present claims are directed to polycationic polymers 
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linked to backbones of hydrophilic polymers. Wagner teaches away from the use of 

hydrophilic polymers as backbones because Wagner teaches that it is important that the 

hydrophilic polymers be mobile. See paragraph [0023] : 

The hydrophilic polymer bound to PEI is preferably linear or branched 
only to a small extent, so that its mobility is largely maintained. (Without 
wishing to be tied to this theory, the beneficial effects of the polymer, 
besides its hydrophilicity, would appear to be attributable to its mobility.) 

If the hydrophilic polymer serves as a backbone, and polycationic polymers are 

linked to that backbone as presently claimed, the mobility of the hydrophilic polj'mer 

would be expected to decrease since the hydrophilic polymer would have branchpoints 

along its length, formed by the linked polycationic polymers. Wagner explicitly 

discourages branchpoints in the hydrophilic polymer. Thus, Wagner teaches against 

modifying the disclosure of Wagner or the disclosure of Schacht (which also employs the 

polycationic polymer as the backbone) to arrive at the present invention. 

In view of the above, it is respectflilly requested that this rejection be withdrawn. 

Claims 31, 32, and 37 were rejected as being obvious over Schacht in view of 
U.S. Patent No. 5,681,747 (Boggs). 

As explained above, the present claims are non-obvious over Schacht because 
Schacht neither teaches carriers with a hydrophilic polymer backbone nor provides a 
process capable of making such carriers. Boggs was cited for the proposition that the use 
of certain types of oligonucleotides was known. This disclosure of Boggs, even if true. 
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cannot remedy the deficiencies of Schacht. Therefore, the combination of Schacht and 
Boggs cannot make obvious the present claims. 

In view of the above, it is respectfully requested that this rejection be withdrawn. 

The time for responding to the Office Action was set for December 21, 2004. 
Therefore, it is believed that this response is timely. If this is in error, please treat this 
response as containing a Petition for the Extension of Time under 37 C.F.R. § 1.136(a) 
for a period sufficient to permit the filing of this response and charge any required fees to 
Kenyon & Kenyon's Deposit Account No. 1 1-0600. 

The Applicant hereby also makes a Conditional Petition for any relief available to 
correct any defect seen in coimection with this filing, or any defect seen to be remaining 
in this application after this filing. The Commissioner is authorized to charge Kenyon & 
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Kenyon's Deposit Account No. 1 1-0600 for any fees associated with such Conditional 
Petition. 



Respectfiilly submitted, 



BY: 

Joseph A. Coppola 
Reg. No. 38,413 

KENYON & KENYON 
One Broadway 
New York, NY 10004 
(212) 425-7200 (telephone) 
(212) 425-5288 (facsimile) 



Date: ^)CC^/^BeT^ \fc ZOCV 
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Glossary of basic terms in polymer science 
(lUPAC Recommendations 1996) 



Abstract: The clear and unambiguous definition of basic terms in a field of science has special 
significance. Subsequent nomenclature must refer back to these basic terms, and the utmost care is, 
therefore, required in preparing and revising them. In 1974 , the Commission published a document 
entitled "Basic Definitions of Terms Relating to Polymers (1974)", that appeared in Pure Appl. 
Chem. 1974, 40, 479-491. These definitions have been the foundation for the Commission's work 
and, building on this basis, the Commission has developed a number of further nomenclature 
documents. The vast majority of terms in the basic document serve their purpose well. Progress in 
polymer science and the need for new definitions, the proper wording of which would have been 
incompatible with some of the basic terms, made it increasingly apparent that some change was 
needed in the basic terms. Approximately twenty years since the publication of the first document, 
the Commission now issues a revised and enlarged set of basic terms. The new glossary of terms 
has been formulated by the Commission with the additional input and aid of several well-known 
researchers and joimial editors. 



PREAMBLE 

In order to present clear concepts it is necessary that idealized definitions be adopted but it is recognized 
that the realities of polymer science must be faced. Deviations fi'om ideality arise with polymers at both 
molecular and bulk levels in ways that have no parallel with the ordinary small molecules of organic or 
inorganic chemistry. Although such deviations are not explicitly taken into account in the definitions 
below, the nomenclature recommended can usefully be applied to the predominant structural features of 
real polymer molecules, if necessary with self-explanatory, if imprecise, qualifications such as 
"essentially...", "almost completely ...", or "highly ...". Although such expressions lack the rigour 
beloved by the purist, every experienced polymer scientist knows that commimication in this discipline is 
impossible without them. 

Conventionally, the word polymer used as a noun is ambiguous; it is commonly employed to refer to both 
polymer substances and polymer molecules. Henceforth, macromolecule is used for individual molecules 
and polymer is used to denote a substance composed of macromolecules. Polymer may also be employed 
unambiguously as an adjective, according to accepted usage, e.g. polymer blend, polymer molecule. 
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1 - MOLECULES AND MOLECULAR STRUCTURE 



LI macromolecule 
polymer molecule 

A molecule of high relative molecular mass, the structure of which essentially comprises the multiple 
repetition of units derived, actually or conceptually, from molecules of low relative molecular mass. 

Notes 

\. In many cases, especially for synthetic polymers, a molecule can be regarded as having a high relative 
molecular mass if the addition or removal of one or a few of the imits has a negligible effect on the 
molecular properties. This statement fails in the case of certain macromolecules for which the properties 
may be critically dependent on fine details of the molecular structure. 

2. If a part or the whole of the molecule has a high relative molecular mass and essentially comprises the 
multiple repetition of units derived, actually or conceptually, from molecules of low relative molecular 
mass, it may be described as either macromolecular or polymeric, or by polymer used adjectivally. 



L2 oligomer molecule 

A molecule of intermediate relative molecular mass, the structtire of which essentially comprises a small 
plurality of units derived, actually or conceptually, from molecules of lower relative molecular mass. 

Notes 

1. A molecule is regarded as having an intermediate relative molecular mass if it has properties which do 
vary significantly with the removal of one or a few of the units. 

2. If a part or the whole of the molecule has an intermediate relative molecular mass and essentially 
comprises a small plurality of units derived, actually or conceptually, from molecules of lower relative 
molecular mass, it may be described as oiigomeric, or by oligomer used adjectivally. 



L3 monomer molecule 

A molecule which can undergo polymerization (see Definition 3.1), thereby contributing constitutional 
units (see Definition 1.14) to the essential structure of a macromolecule (see Definition 1.1). 

L4 regular macromolecule 

A macromolecule (see Definition 1.1), the structure of which essentially comprises the repetition of a 
single constitutional unit (see Definition 1.14) with all units coimected identically with respect to 
directional sense. 

L5 irregular macromolecule 

A macromolecule (see Definition 1.1), the structure of which essentially comprises the repetition of more 
than one type of constitutional unit (see Definition 1.14), or a macromolecule the structure of which 
comprises constitutional units not all connected identically with respect to directional sense. 
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1.6 linear macromolecule 

A macromolecule (see Definition 1.1), the structure of which essentially comprises the multiple repetition 
in linear sequence of units derived, actually or conceptually, from molecules of low relative molecular 
mass. 

1.7 regular oligomer molecule 

An oligomer molecule (see Definition 1.2), the structure of which essentially comprises the repetition of a 
single constitutional unit (see Definition 1.14) with all units connected identically with respect to 
directional sense. 

1.8 monomeric unit 
monomer unit 
mer 

The largest constitutional unit (see Definition 1.14) contributed by a single monomer molecule (see 
Definition 1.3) to the structure of a macromolecule (see Definition 1.1) or oligomer molecule (see 
Definition 1.2). 

Note 

The largest constitutional unit contributed by a single monomer molecule to the structure of a 
macromolecule or oligomer molecule may be described as either monomeric, or by monomer used 
adjectivally. 

1.9 macromonomer molecule 

A macromolecule (see Definition 1.1) that has one end-group which enables it to act as a monomer 
molecule (see Definition 1.3), contributing only a single monomeric unit (see Definition 1.8) to a chain of 
the final macromolecule. 

1.10 macroradical 

A macromolecule (see Definition 1.1) which is also a fi^e radical. 

1.11 pre-polymer molecule 

A macromolecule (see Definition 1.1) or oligomer molecule (see Definition 1.2) capable of entering, 
through reactive groups, into further polymerization (see Definition 3.1), thereby contributing more than 
one monomeric unit (see Definition 1 .8) to at least one chain of the final macromolecule. 

Note 

A pre-polymer molecule capable of entering into further polymerization through reactive end-groups (see 
Definition 1.35), often deliberately introduced, is known as a telechelic molecule. 
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1.12 macromonomeric unit 
macromonomer unit 

The largest constitutional unit (see Definition 1.14) contributed by a single macromonomer molecule (see 
Definition 1 .9) to the structure of a macromolecule (see Definition 1.1). 



1.13 degree of polymerization 

The number of monomeric units (see Definition 1.8) in a macromolecule (see Definition 1.1) an oligomer 
molecule (see Definition 1 .2), a block (see Definition 1 .62), or a chain (see Definition 1 .30). 



1.14 constitutional unit 

An atom or group of atoms (with pendant atoms or groups, if any) comprising a part of the essential 
structure of a macromolecule (see Definition 1.1), an oligomer molecule (see Definition 1.2), a block (see 
Definition 1 .62), or a chain (see Definition 1 .30). 

1.15 constitutional repeating unit (CRV) 

The smallest constitutional unit (see Definition 1.14), the repetition of which constitutes a regular 
macromolecule (see Definition 1.4), a regular oligomer molecule (see Definition 1.7), a regular block (see 
Definition 1 .62), or a regular chain (see Definition 1 .30). 



1.16 configurational unit 

A constitutional imit (see Definition 1.14) having at least one site of defined stereoisomerism. 



1.17 configurational base unit 

A constitutional repeating unit (see Definition 1.15) in a regular macromolecule (see Definition 1.4), a 
regular oligomer molecule (see Definition 1.7), a regular block (see Definition 1 .62), or a regular chain (see 
Definition 1.30), the configuration of which is defined at least at one site of stereoisomerism in the main 
chain (see Definition 1 .34). 



1.18 configurational repeating unit 

The smallest set of successive configurational base imits (see Definition 1.17) that prescribes 
configurational repetition at one or more sites of stereoisomerism in the main chain (see Definition 1 .34) of 
a regular macromolecule (see Definition 1.4), a regular oligomer molecule (see Definition 1.7), a regular 
block (see Definition 1 .62), or a regular chain (see Defmition 1 .30). 



1.19 stereorepeating unit 

A configurational repeating unit (see Definition 1.18) having defined config\iration at all sites of 
stereoisomerism in the main chain (see Definition 1.34) of a regular macromolecule (see Definition 1.4), a 
regular oligomer molecule (see Definition 1 .7), a regular block (see Definition 1 .62), or a regular chain (see 
Definition 1.30). 
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1.20 tacHcity 

The orderliness of the succession of configurational repeating units (see Definition 1.18) in the main chain 
(see Definition 1.34) of a regular macromolecule (see Definition 1.4), a regiilar oligomer molecule (see 
Definition 1 .7), a regular block (see Definition 1 .62), or a regular chain (see Definition 1 .30). 



1.21 tactic macromolecule 

A regular macromolecule (see Definition 1.4) in which essentially all the configurational (repeating) units 
(see Definitions 1.16 and 1.18) are identical. 

1.22 stereoregular macromolecule 

A regular macromolecule (see Definition 1 .4) essentially comprising only one species of stereorepeating 
unit (see Definition 1.19). 

1.23 isotactic macromolecule 

A tactic macromolecule (see Definition 1.21), essentially comprising only one species of configurational 
base unit (see Definition 1.17), which has chiral or prochiral atoms in the main chain (see Definition 1.34) 
in a unique arrangement with respect to its adjacent constitutional units (see Definition 1.14). 

Notes 

1. In an isotactic macromolecule, the configurational repeating unit (see Definition 1.16) is identical with 
the configurational base unit. 

2. An isotactic macromolecule consists of meso diads (see Definition 1 .64). 



1.24 syndiotactic macromolecule 

A tactic macromolecule (see Defmition 1.21), essentially comprising alternating enantiomeric 
configurational base units (see Definition 1.17), which have chiral or prochiral atoms in the main chain 
(see Definition 1.34) in a imique arrangement with respect to their adjacent constitutional units (see 
Definition 1.14). 

Notes 

1. In a syndiotactic macromolecule, the configurational repeating unit consists of two configurational base 
units that are enantiomeric. 

2. A syndiotactic macromolecule consists of racemo diads (see Definition 1.64). 

1.25 atactic macromolecule 

A regular macromolecule (see Definition 1.4) in which the configurational (base) units (see Definitions 
1.16 and 1 . 1 7) are not all identical. 

1.26 block macromolecule 

A macromolecule (see Definition 1.1) which is composed of blocks (see Definition 1.62) in linear 
sequence. 
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1.27 junction unit 

A non- repeating atom or non-repeating group of atoms between blocks in a block macromolecule (see 
Definition 1.26). 



1.28 graft macromolecule 

A macromolecule (see Definition 1.1) with one or more species of block (see Definition 1.62) connected to 
the main chain (see Definition 1.34) as side-chains (see Definition 1.53), these side-chains having 
constitutional or configuratioiud features that differ fix)m those in the main chain. 

1.29 stereoblock macromolecule 

A block macromolecule (see Definition 1.26) composed of stereoregular, and possibly non-stereoregular, 
blocks (see Definition 1.62). 

UO chain 

The whole or part of a macromolecule (see Definition 1.1), an oligomer molecule (see Definition 1.2), or a 
block (see Definition 1.62), comprising a linear or branched sequence of constitutional units (see 
Definition 1.14) between two boundary constitutional units, each of which may be either an end-group (see 
Definition 1 .35), a branch point (see Definition 1 .54), or an otherwise-designated characteristic featiue of 
the macromolecule. 

Notes 

1. Except in linear single-strand macromolecules (see Definition 1.39), the definition of a chain may be 
somewhat arbitrary. 

2. A cyclic macromolecule has no end-groups but may nevertheless be regarded as a chain. 

3. Any number of branch points may be present between the boundary units. 

4. Where appropriate, definitions relating to macromolecule may also be applied to chain. 

1.31 subcbain 

An arbitrarily chosen contiguous sequence of constitutional units (see Definition 1.14) in a chain (see 
Definition 1.30). 

Note 

The term subchain may be used to define designated subsets of the constitutional units in a chain. 



1.32 linear chain 

A chain (see Definition 1.30) with no branch points (see Definition 1.54) intermediate between the 
boundary units. 

133 branched chain 

A chain (see Definition 1.30) with at least one branch point (see Definition 1.54) intermediate between the 
boundary units. 
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1.34 main chain 
backbone 

That linear chain (see Definition 1.32) to which all other chains, long (see Definition 1.36) or short (see 
Definition 1 .37) or both, may be regarded as being pendant. 

Note 

Where two or more chains could equally be considered to be the main chain, that one is selected which 
leads to the simplest representation of the molecule. 

1.35 end-group 

A constitutional unit (see Definition 1.14) that is an extremity of a macromolecule (see Definition 1.1) or 
oligomer molecule (see Definition 1.2). 

Note 

An end-group is attached to only one constitutional unit of a macromolecule or oligomer molecule. 

1.36 long chain 

A chain (see Definition 1 .30) of high relative molecular mass. 
Note 

See Note 1 to Definition 1.1. 

137 short chain 

A chain (see Definition 1.30) of low relative molecular mass. 
Note 

See Note 1 to Definition 1.2. 

138 single-strand chain 

A chain (see Definition 1.30) that comprises constitutional units (see Definition 1.14) connected in such a 
way that adjacent constitutional units are joined to each other through two atoms, one on each 
constitutional unit. 

139 single-strand macromolecule 

A macromolecule (see Definition 1.1) fliat comprises constitutional units (see Definition 1.14) connected in 
such a way tiiat adjacent constitutional units are joined to each other through two atoms, one on each 
constitutional unit. 

1.40 double-strand chain 

A chain (see Definition 1.30) that comprises constitutional units (see Defmition 1.14) connected in such a 
way that adjacent constitutional units are joined to each other through three or four atoms, two on one side 
and either one or two on the other side of each constitutional unit. 
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1.41 double-strand macromolecule 

A macromolecule (see Definition 1.1) that comprises constitutional units (see Definition 1.14) connected in 
such a way that adjacent constitutional units are joined to each other through three or four atoms, two on 
one side and either one or two on the other side of each constitutional unit. 



1.42 spire chain 

A double-strand chain (see Definition 1.40) consisting of an uninterrupted sequence of rings, with adjacent 
rings having only one atom in common. 

Note 

A spiro chain is a double-strand chain (see Definition 1.40) with adjacent constitutional units (see 
Definition 1.14) joined to each other through three atoms, two on one side and one on the other side of 
each constitutional unit. 



1.43 spiro macromolecule 

A double-strand macromolecule (see Definition 1.41) consisting of an unintemipted sequence of rings, 
with adjacent rings having only one atom in common. 

Note 

A spiro macromolecule is a double-strand macromolecule (see Definition 1.41).with adjacent constitutional 
imits (see Definition 1.14) joined to each other through three atoms, two on one side and one on the other 
side of each constitutional unit. 



1.44 ladder chain 

A double-strand chain (see Definition 1.40) consisting of an uninterrupted sequence of rings, with adjacent 
rings having two or more atoms in common. 

Note 

A ladder chain is a double-strand chain (see Definition 1.40) with adjacent constitutional units (see 
Definition 1.14) joined to each other through four atoms, two on one side and two on the other side of each 
constitutional unit. 



1.45 ladder macromolecule 

A double-strand macromolecule (see Definition 1.41) consisting of an uninterrupted sequence of rings, 
with adjacent rings having two or more atoms in conunon. 

Note 

A ladder macromolecule is a double-strand macromolecule (see Definition 1.41) with adjacent 
constitutional units (see Definition 1.14) joined to each other through four atoms, two on one side and two 
on the other side of each constitutional unit. 



1.46 multi-strand chain 

A chain (see Definition 1.30) that comprises constitutional units (see Definition 1.14) connected in such a 
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way that adjacent constitutional units are joined to each other through more than four atoms, more than two 
on at least one side of each constitutional unit. 

Note 

A chain that comprises constitutional units joined to each other through n atoms on at least one side of each 
constitutional unit is termed an n-strand chain, e.g., three-strand chain. If an uncertainty exists in defining 
n, the highest possible number is selected. 

1.47 multi-strand macromolecule 

A macromolecule (see Definition 1.1) that comprises constitutional units (see Definition 1.14) connected in 
such a way that adjacent constitutional units are joined to each other through more than four atoms, more 
than two on at least one side of each constitutional unit. 

Note 

A macromolecule that comprises constitutional units joined to each other through n atoms on at least one 
side of each constitutional unit is termed an n-strand macromolecule, e.g., three-strand macromolecule. If 
an ambiguity exists in defining n, the highest possible number is selected. 

1.48 skeletal structure 

The sequence of atoms in the constitutional unit(s) (see Definition 1.14) of a macromolecule (see 
Definition 1.1), an oligomer molecule (see Defmition 1.2), a block (see Definition 1.62), or a chain (see 
Definition 1.30), which defines the essential topological representation. 

1.49 skeletal atom 

An atom in a skeletal structure (see Definition 1 .48). 

1.50 skeletal bond 

A bond connecting two skeletal atoms (see Definition 1.49). 

1.51 star macromolecule 

A macromolecule (see Definition 1.1) containing a single branch point (see Definition 1.54) fiom which 
linear chains (see Definition 1.32) (arms) emanate. 

Notes 

1. A star macromolecule with n linear chains (aims) attached to the branch point is termed an re-star 
macromolecule, e.g., five-star macromolecule. 

2. If the arms of a star macromolecule are identical with respect to constitution and degree of 
polymerization, the macromolecule is termed a regular star macromolecule. 

3. If different arms of a star macromolecule are composed of different monomeric units, the 
macromolecule is termed a variegated star macromolecule. 

1.52 comb macromolecule 

A macromolecule (see Definition 1.1) comprising a main chain (see Definition 1.34) with multiple 
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trifunctional branch points (see Definition 1.54) from each of which a linear side-chain (see Definition 
1 .53) emanates. 

Notes 

1. If the subchains between the branch points of the main chain and the terminal subchains of the main 
chain are identical with respect to constitution and degree of polymerization, and the side chains are 
identical with respect to constitution and degree of polymerization (see Definition 1.13), the 
macromolecule is termed a regular comb macromolecule. 

2. If at least some of the branch points are of functionality greater than three, the macromolecule may be 
termed a brush macromolecule. 

1.53 branch 
side-chain 
pendant chain 

An oligomeric (see Definition 1.2) or polymeric (see Definition 1.1) offshoot from a macromolecular (see 
Definition 1.1) chain (see Definition 1.30). 

Notes 

1. An oligomeric branch may be termed a short-chain branch. 

2. A polymeric branch may be termed a long-chain branch. 

1.54 branch point 

A point on a chain (see Definition 1 .30) at which a branch (see Definition 1 .53) is attached. 
Notes 

1. A branch point from which /linear chains emanate may be termed an /-functional branch point, e.g., 
five-functional branch point. Alternatively, the terms trifunctional, tetrafunctional, pentafunctional, etc. 
may be used, e.g., pentafunctional branch point. 

2. A branch point in a network may be termed a junction point. 

1.55 branch unit 

A constitutional unit (see Definition 1.14) containing a branch point (see Definition 1 .54). 
Note 

A branch unit fix)m which /linear chains emanate may be termed an /-functional branch unit, e.g., five- 
functional branch unit. Alternatively, the terms trifunctional, tetrafunctional, pentafunctional, etc. may 
be used, e.g., pentafunctional branch unit. 

1.56 pendant group 
side-group 

An offshoot, neither oligomeric (see Definition 1.2) nor polymeric (see Definition 1.1), from a chain (see 
Definition 1.30). 
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1.57 macrocycle 

A cyclic macromolecule (see Definition 1.1) or a macromolecular cyclic portion of a macromolecule. 
Notes 

1. See Note 2 to Definition 1 .30. 

2. In the literature, the term macrocycle is sometimes used for molecules of low relative molecular mass 
that woiJd not be considered macromolecules as specified in Defmition 1.1. 

1.58 network 

A highly ramified macromolecule (see Definition 1.1) in which essentially each constitutional unit (see 
Definition 1.14) is connected to each other constitutional unit and to the macroscopic phase boundary by 
many permanent paths through the macromolecule, the number of such paths increasing with the average 
number of intervening bonds; the paths must on the average be co-extensive with the macromolecule. 

Notes 

1. Usually, and in all systems that exhibit rubber elasticity, the number of distinct paths is very high, but, in 
most cases, some constitutional units exist which are connected by a single path only. 

2. If the permanent paths through the structure of a network are all formed by covalent bonds, the term 
covalent network may be used. 

3. The term physical network may be used if the permanent paths through the structure of a network are 
not all formed by covalent bonds but, at least in part, by physical interactions, such that removal of the 
interactions leaves individual macromolecules or a macromolecule that is not a network. 



1.59 crosslink 

A small region in a macromolecule (see Definition 1.1) firom which at least four chains (see Definition 
1.30) emanate, and formed by reactions involving sites or groups on existing macromolecules or by 
interactions between existing macromolecules. 

Notes 

1. The small region may be an atom, a group of atoms, or a number of branch points connected by bonds, 
groups of atoms, or oligomeric chains. 

2. In the majority of cases, a crosslink is a covalent structure but the term is also used to describe sites of 
weaker chemical interactions, portions of crystallites, and even physical interactions and entanglements. 

1.60 micronetwork 

A highly ramified macromolecule (see Definition 1.1) that contains cyclic structures and is of colloidal 
dimensions. 

1.61 loose end 

A chain (see Definition 1 .30), only one pomt of which is attached to a network (see Definition 1 .58). 

1.62 block 

A portion of a macromolecule (see Defmition 1.1), comprising many constitutional units (see Definition 
1.14), that has at least one feature which is not present in the adjacent portions. 
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Note 

Where appropriate, definitions relating to macromolecule may also be applied to block. 

1.63 constitutional sequence 

The whole or part of a chain (see Definition 1.30) comprising one or more species of constitutional unit(s) 
(see Definition 1.14) in defined sequence. 

Note 

Constitutional sequences comprising two constitutional units are termed diads, those comprising three 
constitutional units triads, and so on. In order of increasing sequence lengths they are called tetrads, 
pentads, hexads, heptads, octads, nonads, decads, undecads, etc. 

1.64 conftgurational sequence 

The whole or part of a chain (see Definition 1.30) comprising one or more species of configurational 
unit(s) (see Definition 1.16) in defined sequence. 

Note 

Configurational sequences comprising two configurational units are termed diads, those with three such 
configurational units triads, and so on. In order of increasing sequence lengths they are called tetrads, 
pentads, hexads, heptads, octads, nonads, decads, undecads, etc. 

1.65 polyelectrolyte molecule 

A macromolecule (see Definition 1.1) in which a substantial portion of the constitutional units (see 
Definition 1.14) have ionizable or ionic groups, or both. 

1.66 ionomer molecule 

A macromolecule (see Definition 1.1) in which a small but significant proportion of the constitutional units 
(see Definition 1.14) have ionizable or ionic groups, or both. 

Note 

Some protein molecules may be classified as ionomer molecules. 
2 - SUBSTANCES 



2.1 monomer 

A substance composed of monomer molecules (see Definition 1 .3). 

2.2 polymer 

A substance composed of macromolecules (see Definition 1.1). 
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2.3 oligomer 

A substance composed of oligomer molecules (see Definition 1.2). 
Note 

An oligomer obtained by telomerization (see Defmition 3.2) is often termed a telomer. 

2.4 homopolymer 

A polymer (see Definition 2.2) derived bom one species of (real, implicit or hypothetical) monomer (see 
Definition 2.1). 

Notes 

1. Many polymers are made by the mutual reaction of complementary monomers. These monomers can 
readily be visualized as reacting to give an "implicit monomer", the homopolymerization of which would 
give the actual product, which can be regarded as a homopolymer. Conunon examples are poly(ethylene 
terephthalate) and poly(hexamethylene adipamide). 

2. Some polymers are obtained by the chemical modification of other polymers such that the structure of 
the macromolecules that constitute the resulting polymer can be thought of as having been formed by the 
homopolymerization of a hypothetical monomer. These polymers can be regarded as homopolymers. 
Example: poly(vinyl alcohol). 

2.5 copolymer 

A polymer (see Definition 2.2) derived bora more than one species of monomer (see Definition 2.1). 
Note 

Copolymers that are obtained by copolymerization (see Definition 3.4) of two monomer species are 
sometimes teimed bipolymers, those obtained fix)m three monomers terpolymers, those obtained fi-om 
four monomers quaterpolymers, etc.. 

2.6 pseudo-copolymer 

An irregular polymer (see Definition 2.16), the molecules of which are derived fiom only one species of 
monomer (see Definition 2.1) but which display a variety of structural features more appropriate for 
description in copolymer (see Definition 2.5) terms. 

Note 

Where appropriate, adjectives specifying the types of copolymer may be applied to pseudo-copolymer. The 
terai statistical pseudo-copolymer, for instance, may be used to describe an irregular polymer in the 
molecules of which the sequential distribution of configiirational units obeys known statistical laws (see 
Definition 2.9). 

2.7 co-oligomer 

An oligomer (see Definition 2.3) derived fmta. more than one species of monomer (see Definition 2.1). 

2.8 pseudo-co-oligomer 

An irregular oligomer (see Definition 2.3), the molecules of which are derived from only one species of 
monomer (see Definition 2.1) but which display a variety of structural features more appropriate for 
description in co-oligomer (see Definition 2.7) terms. 
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2.9 statistical copolymer 

A copolymer (see Definition 2.5) consisting of macromolecules (see Definition 1.1) in which the sequential 
distribution of the monomeric units (see Definition 1.8) obeys known statistical laws. 

Note 

An example of a statistical copolymer is one consisting of macromolecules in which the sequential 
distribution of monomeric units follows Markovian statistics. 



2.10 random copolymer 

A copolymer (see Definition 2.5) consisting of macromolecules (see Definition 1.1) in which the 
probability of finding a given monomeric unit (see Definition 1.8) at any given site in the chain (see 
Definition 1 .30) is independent of the nature of the adjacent units. 

Note 

In a random copolymer, the sequence distribution of monomeric units follows Bemoullian statistics. 

2.11 alternating copolymer 

A copolymer (see Definition 2.5) consisting of macromolecules (see Definition 1.1) comprising two 
species of monomeric units (see Definition 1 .8) in alternating sequence. 

Note 

An alternating copolymer may be considered as a homopolymer derived fh>m an implicit or hypothetical 
monomer; see Note 1 to Definition 2.4. 



2.12 periodic copolymer 

A copolymer (see Definition 2.5) consisting of macromolecules (see Definition 1.1) comprising more than 
two species of monomeric units (see Definition 1.8) in regular sequence. 

2.13 uniform polymer 
monodisperse polymer 

A polymer (see Definition 2.2) composed of molecules uniform with respect to relative molecular mass 
and constitution. 

Notes 

1. A polymer comprising a mixture of linear (see Definition 1 .32) and branched (see Definition 1 .33) 
chains, all of uniform relative molecular mass, is not uniform. 

2. A copolymer comprising linear molecules of uniform relative molecular mass and uniform elemental 
composition but different sequential arrangements of the various types of monomeric units (see Definition 
1 .8), is not imiform (e.g., a copolymer comprising molecules with a random arrangement as well as a block 
arrangement of monomeric units). 

3. A polymer uniform with respect only to either relative molecular mass or constitution may be termed 
uniform, provided a suitable qualifier is used (e.g., "a polymer uniform with respect to relative molecular 
mass"). 

4. The adjectives monodisperse and polydisperse are deeply rooted in the literature, despite the former 
being non-descriptive and self-contradictory. They are in common usage and it is recognized that they will 
continue to be used for some time; nevertheless, more satisfactory terms are clearly desirable. After an 
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extensive search for possible replacements, the terms uniform and non-uniform have been selected and they 
are now the preferred adjectives. 



2.14 non-uniform polymer 
polydisperse polymer 

A polymer (see Definition 2.2) comprising molecules non-uniform with respect to relative molecular mass 
or constitution or both. 

Note 

See Notes 3 and 4 to Definition 2. 1 3. 



2.15 regular polymer 

A polymer composed of regular macromolecules (see Definition 1.4), regular star maciomolecules (see 
Definition 1.51), or regular comb macromolecules (see Definition 1.52). 

Note 

A polymer consisting of star macromolecules with arms identical with respect to constitution and degree of 
polymerisation is considered to be regular; see Note 2 to Definition 1.51. Analogously, a polymer 
consisting of comb macromolecules with the sub-chains between the branch points of the main chain and 
the terminal sub-chains of the main chain identical with respect to constitution and degree of 
polymerisation and the side-chains identical with respect to constitution and degree of polymerisation is 
considered to be regular; see Note 1 to Definition 1.52. 

2.16 irregular polymer 

A polymer composed of irregular macromolecules (see Definition 1 .5). 

2.17 tactic polymer 

A polymer composed of tactic macromolecules (see Definition 1 .21). 

2.18 isotactic polymer 

A polymer composed of isotactic macromolecules (see Definition 1 .23). 

2.19 syndiotactic polymer 

A polymer composed of syndiotactic macromolecules (see Definition 1.24). 

2.20 stereoregular polymer 

A polymer composed of stereoregular macromolecules (see Definition 1 .22). 
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2.21 atactic polymer 

A polymer composed of atactic macromolecules (see Definition 1.25). 

2.22 block polymer 

A polymer composed of block macromolecules (see Definition 1.26). 

2.23 graft polymer 

A polymer composed of graft macromolecules (see Definition 1 .28). 

2.24 block copolymer 

A copolymer (see Definition 2.5) that is a block polymer (see Definition 2.22). 
Note 

In the constituent macromolecules of a block copolymer, adjacent blocks are constitutionally different, i.e., 
adjacent blocks comprise constitutional units (see Definition 1.14) derived fi-om different species of 
monomer (see Definition 2.1) or fixim the same species of monomer but with a different composition or 
sequence distribution of constitutional units. 

2.25 graft copolymer 

A copolymer (see Definition 2.5) that is a graft polymer (see Definition 2.23). 
Note 

In the constituent macromolecules of a graft copolymer, adjacent blocks in the main chain or side-chains, 
or both, are constitutionally different, i.e., adjacent blocks comprise constitutional units (see Definition 
1.14) derived from different species of monomer (see Definition 2.1) or fit)m the same species of monomer 
but with a different composition or sequence distribution of constitutional units. 

2.26 stereoblock polymer 

A polymer composed of stereoblock macromolecules (see Definition 1.29). 

2.27 linear polymer 

A polymer (see Definition 2.2) composed of linear macromolecules (see Defmition 1.6). 

2.28 linear copolymer 

A copolymer (see Definition 2.5) composed of linear macromolecules (see Defmition 1.6). 

2.29 single-strand polymer 

A polymer (see Definition 2.2), the macromolecules (see Definition 1.1) of which are single-strand 
macromolecules (see Definition 1.39). 
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2.30 double-strand polymer 

A polymer (see Definition 2.2), the macromolecules (see Definition 1.1) of which are double-strand 
macromolecules (see Definition 1.41). 

Notes 

1. A polymer, the macromolecules of which are spiro macromolecules (see Definition 1.43), is termed a 
spire polymer. 

2. A polymer, the macromolecules of which are ladder macromolecules (see Definition 1.45), is termed a 
ladder polymer. 

2.31 double-strand copolymer 

A copolymer (see Definition 2.5), the macromolecules (see Definition 1.1) of ^>^Wch are double-strand 
macromolecules (see Definition 1.41). 

2.32 star polymer 

A polymer composed of star macromolecules (see Definition 1.5 1). 

2.33 comb polymer 

A polymer composed of comb macromolecules (see Definition 1.52). 
Note 

See the Notes to Definitions 1.52 and 2. IS 

2.34 branched polymer 

A polymer (see Definition 2.2), the molecules of which are branched chains (see Definition 1.33). 

2.35 macromonomer 

A polymer composed of macromonomer molecules (see Definition 1.9). 

2.36 mesogenic monomer 

A monomer (see Definition 2.1) which can impart the properties of Uquid crystals to the polymers (see 
Definition 2.2) formed by its polymerization (see Definition 3.1). 

2.37 pre-polymer 

A polymer or oligomer composed of pre-polymer molecules (see Definition 1.11). 



2.38 polyelectrolyte 

A polymer composed of polyelectrolyte molecules (see Definition 1 .65). 
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2.39 ionomer 

A polymer composed of ionomer molecules (see Definition 1.66). 

2.40 polymer blend 

A macroscopically homogeneous mixture of two or more different species of polymer (see Definition 2.2). 
Notes 

1. In most cases, blends are homogeneous on scales smaller than several times visual optical wavelengths. 

2. For polymer blends, no account is taken of the miscibility or immiscibility of the constituent polymers, 
i.e., no assumption is made regarding the niunber of phases present. 

3. The use of the term polymer alloy for a polymer blend is discouraged. 

2.41 network polymer 
polymer network 

A polymer composed of one or more networks (see Definition 1 .58). 

2.42 semi-interpenetrating polymer network (SIPN) 

A polymer (see Definition 2.2) comprising one or more networks (see Definition 1 .58) and one or more 
linear (see Definition 1.32) or branched (see Definition 1.33) polymer(s) characterized by the penetration 
on a molecular scale of at least one of the networks by at least some of the linear or branched 
macromolecules. 

Note 

Semi-inteipenetrating polymer networks are distinguished fi-om interpenetrating polymer networks because 
the constituent linear or branched polymers can, in principle, be separated fix>m the constituent polymer 
network(s) without breaking chemical bonds; they are polymer blends. 

2.43 interpenetrating polymer network (IPN) 

A polymer (see Definition 2.2) comprising two or more networks (see Definition 1.58) which are at least 
partially interlaced on a molecular scale but not covalently bonded to each other and cannot be separated 
unless chemical bonds are broken. 

Note 

A mixture of two or more pre-formed polymer networks is not an IPN. 

2.44 polymer-polymer complex 

A complex, at least two components of which are different polymers (see Definition 2.2). 
3 - REACTIONS 



3.1 polymerization 

The process of converting a monomer (see Definition 2.1) or a mixture of monomers into a polymer (see 
Definition 2.2). 
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3.2 oligomerization 

The process of converting a monomer (see Definition 2.1) or a mixture of monomers into an oligomer (see 
Definition 2.3). 

Note 

An oligomerization by chain reaction carried out in the presence of a large amoimt of chain-transfer (see 
Definition 3.24) agent, so that the end-groups (see Definition 1.35) are essentially fragments of the 
chain-transfer agent, is termed telomerization. 



3.3 homopolymerizatioD 

Polymerization (see Definition 3. 1) in which a homopolymer (see Definition 2.4) is formed. 

3.4 copolymerization 

Polymerization (see Definition 3.1) in which a copolymer (see Definition 2.5) is formed. 

3.5 co-oligomerization 

Oligomerization (see Definition 3.2) in which a co-oligomer (see Definition 2.7) is formed. 

3.6 chain polymerization 

A chain reaction in which the growth of a polymer (see Definition 1.1) chain (see Definition 1 .30) proceeds 
exclusively by reaction(s) between monomer(s) (see Definition 2.1) and reactive site(s) on the polymer 
chain with regeneration of the reactive site(s) at the end of each growth step. 

Notes 

1. A chain polymerization consists of initiation and propagation reactions, and may also include 
termination and chain transfer (see Definition 3.24) reactions. 

2. The adjective chain in chain polymerization denotes a chain reaction rather than a polymer chain. 

3. Propagation in chain polymerization usually occurs without the formation of small molecules. However, 
cases exist where a low-molar-mass by-product is formed, as in the polymerization of 
oxazolidine-2,5-diones derived from amino acids (commonly termed amino-eicid A'^-carboxy anhydrides). 
When a low-molar-mass by-product is formed, the adjective condensative is recommended to give the term 
condensative chain polymerization. 

4. The growth steps are expressed by 

P;f + M->Px.,(+L) {x} e {1,2, ...00} 
where P, denotes the growing chain of degree of polymerization x, M a monomer, and L a low-molar- mass 
by-product formed in the case of condensative chain polymerization. 

5. The term chain polymerization may be qualified further, if necessary, to specify the type of chemical 
reactions involved in the growth step, e.g., ring-opening chain polymerization, cationic chain 
polymerization. 

6. There exist, exceptionally, some polymerizations that proceed via chain reactions that, according to the 
definition, are not chain polymerizations. For example, the polymerization 

HS-X-SH + HjC=CH-Y-CH=CHj -> S-X-S-CHj-CHj-Y-CHj-CHj 
proceeds via a radical chain reaction vwth intermolecular transfer of the radical center. The growth step. 
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however, involves reactions between molecules of all degrees of polymerization and, hence, the 
polymerization is classified as a polyaddition (see Definition 3.8). If required, the classification can be 
made more precise and the polymerization described as a chain-reaction polyaddition. 

3.7 polycondensation 

A polymerization (see Definition 3.1) in which the growth of polymer (see Definition 1.1) chains (see 
Definition 1.30) proceeds by condensation reactions between molecules of all degrees of polymerization 
(see Definition 1.13). 

Notes 

1. The growth steps are expressed by 

P;c + Py->Px*^ + L{x} 6 { 1 , 2, ...«}; {>-} £ {l,2,...oo} 
where and P^ denote chains of degree of polymerization x and^, respectively, and L a low-molar- mass 
by-product. 

2. The earlier term polycondensation was synonymous with condensation polymerization. It should be 
noted that the current definitions of polycondensation and condensative chain polymerization were both 
embraced by the earlier term polycondensation. 

3.8 polyaddition 

A polymerization (see Definition 3.1) in which the growth of polymer (see Definition 1.1) chains (see 
Definition 1.30) proceeds by addition reactions between molecules of all degrees of polymerization (see 
Definition 1.13). 

Notes 

1. The growth steps are expressed by 

?x-^fy^^x*yM 6 {1.2,... 00}; 0-} e {l,2,...oo} 
where P^ and P^ denote chains of degrees of polymerization x and y, respectively. 

2. The earlier term addition polymerization embraced both the current concepts of polyaddition and chain 
polymerization, but did not include condensative chain polymerization. 

3.9 statistical copolymerization 

A copolymerization (see Definition 3.4) in which a statistical copolymer (see Defuiition 2.9) is formed. 

3.10 random copolymerization 

A copolymerization (see Definition 3.4) in which a random copolymer (see Definition 2.10) is formed. 

3.11 alternating copolymerization 

A copolymerization (see Definition 3.4) in viidch an alternating copolymer (see Definition 2.1 1) is formed. 

3.12 periodic copolymerization 

A copolymerization (see Definition 3.4) in which a periodic copolymer (see Definition 2.12) is formed. 
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3.13 ring-opening polymerization 

A polymerization (see Definition 3.1) in which a cyclic monomer (see Definition 2.1) yields a monomeric 
unit (see Definition 1 .8) which is acyclic or contains fewer cycles than the monomer. 

Note 

If the monomer is polycyclic, the opening of a single ring is sufficient to classify the reaction as a 
ring-opening polymerization. 

3.14 ring-opening copolymerization 

A copolymerization (see Definition 3.4) which is a ring-opening polymerization (see Definition 3.13) with 
respect to at least one monomer (see Definition 2.1). 

3.15 radical polymerization 

A chain polymerization (see Definition 3.6) in which the kinetic-chain carriers are radicals. 
Note 

Usually, the growing chain end bears an unpaired electron. 

3.16 radical copolymerization 

A copolymerization (see Definition 3.4) which is a radical polymerization (see Definition 3.15). 

3.17 ionic polymerization 

A chain polymerization (see Definition 3.6) in which the kinetic-chain carriers are ions or ion-pairs. 
Note 

Usually, the growing chain ends are ions. 

3.18 ionic copolymerization 

A copolymerization (see Definition 3.4) which is an ionic polymerization (see Definition 3.17). 

3.19 anionic polymerization 

An ionic polymerization (see Definition 3.18) in which the kinetic-chain carriers are anions. 

3.20 cationic polymerization 

An ionic polymerization (see Definition 3.18) in which the kinetic-chain carriers are cations. 

3.21 living polymerization 

A chain polymerization from which chain transfer and chain termination are absent. 
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Note 

In many cases, the rate of chain initiation is fast compared with the rate of chain propagation, so that the 
number of kinetic-chain carriers is essentially constant throughout the polymerization. 

3.22 Uving copolymerization 

A copolymerization (see Definition 3.4) which is a living polymerization (see Definition 3.21). 

3.23 cyclopolymerization 

A polymerization (see Definition 3.1) in which the number of cyclic structures in the constitutional units 
(see Definition 1.14) of the resulting macromolecules (see Definition 1.1) is larger than in the monomer 
molecules (see Definition 1.3). 

3.24 chain scission 

A chemical reaction resulting in the breaking of skeletal bonds (see Definition 1.50). 

3.25 depotymerization 

The process of converting a polymer (see Definition 2.2) into a monomer (see Defirution 2.1) or a mixture 
of monomers. 

Note 

Unzipping is depolymerization occurring by a sequence of reactions, progressing along a macromolecule 
(see Definition 1.1) and yielding products, usually monomer molecules (see Definition 1.3), at each 
reaction step, from which macromolecules similar to the original can be regenerated. 
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4 - ALPHABETICAL INDEX OF TERMS 



Term Definition number 


alternating copolymer 




alternating copolymerization 


3.11 


anionic polymerization 


3.19 


atactic macromolecule 


1.25 


atactic polymer 




backbone 


1.34 


bipolymer 


2.5 


block 


1.62 


block copolymer 


2.24 


block macromolecule 


1 ox 


block polymer 


2.22 


Drancn 


l.3i 


branch point 


1.54 


branch unit 




branched chain 




branched polymer 


2.34 


brush macromolecule 


1 o 


cationic pol}anerization 


3.20 


chain 


1 m 
1.3U 


chain polymerization 


3.0 


chain scission 


3.24 


co-oligomer 


z. / 


co-oligomerization 


3.5 


comb macromolecule 


1.52 


comb polymer 


2.33 


condensative chain polymerization 


3.0 


configurational base unit 


1 IT 

1.17 


configurational repeating unit 


1.18 


configurational sequence 


1.64 


configurational unit 


1 \ a 


constitutional repeating unit 


1.15 


constitutional sequence 


1 at 

1.0 J 


constitutional unit 


1 \A 

1.14 


copolymer 


2.5 


copolymerization 


3.4 


covalent network 


1 CO 

1.58 


crosslink 


1.59 


cyclopolymerization 


3.23 


decad 


l.OJ, 1.04 


degree oi polymerization 


l.li 


depolymerization 


3.23 


AinA 

diad 


1 til 1 HA 
l.OJ, 1.04 


double-strand chain 


1.40 


double-strand copolymer 


2.31 


double-strand macromolecule 


1.41 


double-strand polymer 


2.30 


end-gioup 


1.35 


/functional branch point 


1.54 


/functional branch unit 


1.55 


graft copolymer 


2.25 



Term Definition number 


graft macromolecule 


1.28 


graft polymer 


2.23 


heptad 


1.63, 1.64 


hexad 


1.63, 1.64 


homopolymer 


1 A 

2.4 


homopolymerization 


3.3 


interpenetrating polymer network 


0 A1 

LAi 


ionic copol3mierization 


3.1o 


ionic polymerization 


J.l / 


ionomer 


2.39 


ionomer molecule 


1.66 


irregular macromolecule 




irregular polymer 


2.16 


isotactic macromolecule 


1.23 


isotactic polymer 


2.18 


junction point 


1.54 


junction unit 


1.2/ 


ladder chain 


1 A A 

1 .44 


ladder macromolecule 


1.45 


ladder polymer 


2.30 


linear chain 


1.32 


linear copolymer 


2.28 


linear macromolecule 


1.6 


linear polymer 


2.27 


living copolymerization 


3.22 


living polymerization 


3.21 


long-chain branch 


1.53 


long chain 


1.36 


loose end 


1.61 


macrocycle 


1 c^ 

1.57 


macromolecular 


1.1 


macromolecule 


1.1 


macromonomer 


2.35 


macromonomer molecule 


1 o 

1 .y 


macromonomer unit 


1.12 


macromonomeric unit 


1.12 


macroradical 


1.10 


main chain' 


1.34 


mer 


1.8 


mesogenic monomer 


2.36 


micronetwork 


1.60 


monodisperse polymer 


2.13 


monomer 


1.8, 2.1 


monomer molecule 


1.3 


monomer unit 


1.8 


monomeric 


1.8 


monomeric unit 


1.8 


multi-strand chain 


1.46 


multi-strand macromolecule 


1.47 


R-strand chain 


1.46 
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Term Definition number 


Tpmt 


uejiniuon numoer 


/f-strand macrofnoleculc 

*' t^U CUIU IBJgWl will vl vvWiv 


1.47 


cincrlp.cfTflnrI nAl\/mAr 
Diiifgjv-oUiUiu i/uiyjJivr 


9 90 

X.X7 


n— ctnr mn(*fY\TTmlM*iili> 
11 suu iiiavi viiiuic^uic 


1 ^1 
1 .J 1 


skeletal atom 


1.49 


netwnrk 

llViVVVl IV 




ckplpfal hnnH 


1 sn 

1 .JU 


network nnlvmer 


7 41 


ckplptnl ctnipfiirp 


1 452 

I .*tO 


nDn*iiriifVirm nnlvm^r 
iivii uuiivi 111 i/viiyiiivi 


*. It 


cnirn phnin 
9^11 u v^iimii 


1 49 
1 .^x 


llwlldU 




QmrA mnprAtnAlAPiilA 


1 41 
1 J 


OCtfld 


1 ^7 1 ^ 
I.Oj, 1.04 




9 in 


r\\ I anm At* 


1 X.J 


bioT macromoiecuie 


1 SI 
1 .J 1 




1 9 
1 .X 


ctnr nAlvniAff* 

ouu puiyiiicr 


9 19 
X.JX 


f\tt tff\m Alto 

uiii^Oiucriv 


1.x 


aususiical copolymer 


9 0 

X.7 


1 1 Of\Tn Art 90 1 inn 




auitisiicol copojymenzaiion 


1 0 

J.V 


pvllUalll bnain 


1 .DJ 


aiaiisucai pseucio-copoiymer 


9 A 
X.O 


npnHnnt orAim 


1 .JO 


ct'AfAAnlnpV maf*rAtn/\lAr*iilA 


1 90 

1 .X7 


l/^JlUXU 


1 1 A4 


ctprpnhlAP^ nAlviTiAr 


9 9A 
x.xo 


^^iiuiiuii^iluiiaJ 


1 <^ 1 cc 


^PTWirpoiilnr tnocmniAlpj^iilp 

Old vUl Vj^UlOl lllOvl UlllUlCVUll? 


1 99 

1 .XX 




X. IX 


ctpfPArpmilnr nr>l\/mAf* 


9 9ft 
X.xU 


nprmHic AAnolvmArlvfltiAn 

pVl ll^UlV VA'^A^Ij'llId I^ClllUll 


1*> 

J. IX 


cfprpArpnpntina unit 


1 IQ 

1.17 




1 


ciihchiiin 

dUt/WJIIlUI 


1 11 


poiyauaition 


J.o 


synuioiaciic macromoiecuie 


1 9i< 


poly condensation 


J./ 


synoioiocuc poiymer 


9 10 
X.l7 


nnlv/itcnAfCA n/ilvmAi* 
puijrUlapciav l/i/lylucr 


9 14 

X. m 


tactic macromolecule 


l.Xl 


pu ly cjcvcroiyie 


X.JO 


tflptic fV^lvmA^ 
iaviiw poiymer 


9 17 
X.l / 


poly electrolyte molecule 


1.0 J 


lavlli/liy 


1 9ft 


nn 1 \/vn a** 

poiymer 


119 9 

1.1, X.X 


telechelic molecule 


111 
i.l 1 


pQiynier pichq 


9 An 


tAl/MTl Ar 


9 9 
X.J 


poiymcr nioiecuie 


1.1 


tAl/^m Af*i7att/\n 

iciunicri2itiion 


1 9 
J.X 


poiynicr nciworiv 


9 41 


tl'>|i>U ill nil At* 

lerpoiymer 


9 < 
X.J 


fmlvFTi Ar— rvilvniAr PAmnlAY 

|JVl^llId~pVlJrIIIvl WUIIIpICA 


9 A'X 

X.HJ 


ICUaU 


1 /!1 1 fiA 
1.0 J} 1.0*1 


puiyiiicnc 


1 . 1 


telmfiinptiAnfi 1 
Lcuai uiiwviuiic&i 


l.Jny l.Jj 


po lymerizsti on 


9 1 

J.l 


triad 


1 ^1 1 /i4 
1 .Oj, 1 .04 


pre-polymer 


9 T7 
X.J / 


trifunctional 


1.54, 1.55 


pre-poiymer inoieciiie 


111 
1.11 


iinnA^ A^ 

unoevaQ 


l.OJ, 1. 04 


pscuoo-cooiigonier 


9 fi 
X.O 


uniiorm poiymer 


9 19 
X.l J 


pseudo-copolymer 


2.0 


unzipping 


J.XO 


quaterpolymer 


2.J 


variegated star macromolecule 


1.51 


ntaiwoi wopuiyiucnzaiion 


J. 10 






lauiwaj puiyiiidi^aiiuil 


J. 1 J 






raiiuoin vopoiymer 


9 in 

x.lU 






rflnrlnm c/MVil\/mAn7iitinn 
ituiuiiiii vi/|A^iyiiid Uoiivil 


1 in 

J. 1 V 






rpcnilflr PYtmh mncmmAlA/*iilA 

lv{^UI<U WUIIIU lllOWIUIIJUlCV'Ulv 


1 S9 

1 . JX 






rcj^uiai uiciL'ruTiiuicwUJc 


1 4 






regular uiij^oiner nioiecuic 


1 9 
1./ 






regular polymer 


2.15 






regular star macromolecule 


1 CI 

l.Sl 






ring-opening copolymerization 


3.14 






nng*opening polymerization 


3.1 J 






segregated star macromolecule 


1.51 






senii-inierpeneiraiing poiymer neiworK 


9 it9 
x.4x 






short-chain branch 


1.53 






short chain 


1.37 






side chain 


1.53 






side group 


1.56 






single-strand chain 


1.38 






single-strand macromolecule 


1.39 
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